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(54) THERMAL SPRAYING METHOD 

(57) Abstract: 

PROBLEM TO BE SOLVED: To reduce a residual tensile 
stress of sprayed coating film and to improve the 
adhesion of a coating film to a substrate, into a 
thermal spraying material, by incorporating substance 
volumetrically expanding when the thermal spraying 
material is thermally sprayed on the substrate and 
cooled. 

SOLUTION: At the time of forming a sprayed coating film 
of metal or alloy, a thermal spraying materials is 
incorporated with substance volumetrically expanding 
when the thermal spraying material thermally sprayed in 
a substrate is cooled, and the thermal spraying materia! 
is thermally sprayed. In this method, as the 
volumetrically expanding substance, the one such as 
steel series transformed into martensite at the time of 
cooling after the thermal spaying is adopted. In this 
way, it is considered that, since the heat of the 
sprayed coating 2 on the side approximate to the part of 
the substrate in the sprayed coating 2 escapes to the 
substrate more easily, in an ordinary form, martensitic 
transformation is promoted on the side of the boundary 
face between the sprayed coating 2 and the substrate 
more easily than the case of the surface side of the 
sprayed coating 2. Thus, the volumetric expansion in the 



boundary region between the sprayed coating 2 and the 
substrate can be expected, and the adhesion in the 
boundary region can be improved. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the thermal-spraying 
method which may raise adhesion. 

; [0002] 

[Description of the Prior Art] The thermal-spraying method which carries out thermal spraying of the 
thermal-spraying material to a base material, and forms a thermal-spraying coat conventionally is 
learned. Thereby, it can contribute to the improvement in sliding-proof nature, abrasion resistance, 
etc. For example, the method of obtaining the thermal-spraying coat which quenches a molten metal 
in JP,54-42855,B, forms white pig iron in it, carries out thermal-spraying processing of this thermal- 
spraying material at a base material, using the cast iron powder which ground the white pig iron in 
the size of 100 or more meshes as thermal-spraying material, and makes a cementite a subject by this 
is indicated. 

[0003] By the way, by the thermal-spraying method, in order to raise the adhesion of the thermal- 
spraying coat to a base material, various policies are adopted from before. For example, it is the . . ■ 
policy which preheats the policy and base material which carry out blast processing in the 
expressional side of a base material, and eases the stress of a thermal-spraying coat in advance of 
thermal-spraying processing. 
[0004] 

. [Problem(s) to be Solved by the Invention] However, improvement in the adhesion of a thermal- 
spraying coat is demanded further in recent years. There is a limitation in improvement of the 
adhesion of a thermal-spraying coat to a base material only by the above-mentioned policy, this 
invention is made in view of the above-mentioned actual condition, and let it be a technical problem 
to offer the thermal-spraying method advantageous to aiming at improvement of the adhesion of a 
thermal-spraying coat to a base material. 
[0005] 

[Means for Solving the Problem] this invention person is furthering development wholeheartedly 
over many years about -the thermal-spraying method. And when the thermal-spraying material by 
which thermal spraying was carried out to the base material was cooled on a base material, the 
matter which carries out cubical expansion was included in thermal-spraying material and thermal 
spraying of the thermal-spraying material was carried out, the knowledge of the adhesion to a base 
material improving was carried out, it checked by the examination, and this invention method was 
completed. 

[0006] Since a thermal-spraying coat will tend to be in a compression state by cubical expansion, the 
reason whose adhesion improves is guessed because relief of the remains tensile stress leading to the 
fall of the adhesion force can be aimed at. In addition, since it is white-pig-iron composition, in case 
thermal-spraying powder solidifies and it becomes a thermal-spraying coat with the technology 
concerning above-mentioned JP,54-42855,B, in order to chill-ize, a solidification shrinkage rate is 
large. 1 
[0007] The thermal-spraying method concerning this invention is the thermal-spraying method 
which carries out thermal spraying of the thermal-spraying material to a base material, and forms a 
thermal-spraying coat, and thermal-spraying material is characterized by including the matter which 
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the policy which carries out rorced cooling of the thermal-spraying powder of the melting state 
which reached the base material by coolant gas etc. can also be adopted. 
[0014] . 
• [Example] 

(Example 1) An example 1 is explained with the example of comparison. This example is aimed at 
the case where the thermal-spraying coat of Cu alloy is formed. This Cu alloy is an aluminum- 
bronze alloy, and the composition is Cu-10%aluminum-0.4%Zn-l% Fe in a weight ratio. According 
to the reference (science chronology), the coefficient of thermal expansion of this aluminum-bronze 
alloy is 16x1 0-6/K.. 

[0015] Thermal-spraying processing was performed using the powder (40-50 micrometers of mean 
particle diameters) of the above-mentioned Cu alloy to the expressional side of the cylinder (quality 
of the material : JIS AC8A) as a base material. This thermal-spraying processing is HVOF (High 
Velocity Oxigen Fuel) processing called supersonic gas flame spraying, and while powder flies at 
high speed (it compares in plasma metal spray processing, and generally called several times) as 
compared with the usual plasma metal spray processing, the melting temperature of a powder 
particle is low thermal-spraying processing. Generally for a low reason, the porosity of the thermal- 
spraying coat formed by HVOF thermal-spraying processing has a precise thermal -spraying coat, 
and the adhesion force of a thermal-spraying coat over a base material is strong. 
[0016] When the adhesion intensity of this thermal-spraying coat was measured by the shearing 
method, it was 60MPa. On the other hand, it was measured by the X-ray residual-stress measuring 
method that the residual stress in the front face of a thermal-spraying coat is as large as about 40 
MPa(s) at tensile stress. As a result of processing such a thermal-spraying coat with an engine lathe, 
ablation occurred on the thermal-spraying coat. The above is an example of comparison. On the 
other hand, according to this example, the steel system powder (40-50 micrometers of mean particle 
diameters) of the C-12% Cr-l%Si alloy of Fe-1% was used by the weight ratio as powder for 
causing a martensitic transformation. And steel system powder was mixed in the end of the blending 
ratio of coal for which it asked by the trial calculation described below, i.e., Cu alloy powder 
described above by the volume ratio by the blending ratio of coal of end =of steel system powder:Cu 
alloy powder 40:60, and the thermal-spraying powder concerning this example was obtained. In 
addition, in steel system powder, the amount of Cr(s) has the intention of promotion of a 
MARUSAN site transformation. 

[0017] When HVOF thermal-spraying processing was carried out using this thermal-spraying 
powder, the residual stress in a thermal-spraying coat was considerably reduced with about 10 MPa 
(s) with tensile stress. Moreover, when it was processed, generating of the ablation in a thermal- 
spraying coat was lost. Therefore, it was checked that the adhesion of a thermal -spraying coat is 
improving. According to this example, the decision of the blending ratio of coal of steel system 
powder was made as follows. That is, it is TM about the melting point of the above-mentioned Cu 
alloy. If it carries out, it will become TM / 2**400 degrees C. Therefore, the rate of a volumetric 
shrinkage of the thermal-spraying coat of Cu alloy is presumed to be 0.62%. In order to offset the 
amount of cubical expansion of the steel system when generating the amount of volumetric 
shrinkages and martensitic transformation of Cu alloy of a thermal-spraying coat and to set the 
volume change in a thermal-spraying coat to 0 substantially If x is made into the rate of volume of 
steel system powder and y is made into volume [ in the end of Cu alloy powder ] % x { 1.69x%C- 
0.87}-(yx0.62%) =0 ....** x+y=100 .. If ****** is solved, it will become x= 43% and y= 57% 
substantially. 

[0018] Then, in this example, the thermal-spraying powder which added steel system powder in the 
end of Cu alloy powder has been obtained so that it may become about 40%, as the rate of the steel 
system powder occupied to the above-mentioned thermal -spraying powder mentioned above. In 
addition, although the volume change of a thermal-spraying coat was 0 on trial calculation, in 
practice, it was not 0, and although remains tensile stress was small as mentioned above, they were 
about 10 MPa(s). As the reason, it guesses for the existence of the retained austenite accompanying 
fixation of %C by Cr included by steel system powder, and a martensitic transformation. 
[0019] The spray condition in the thermal-spraying processing in the above-mentioned example 1 
and processing conditions were fundamentally performed as follows. 
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accompanying fixation of %^>y Cr included by steel system powder, and a martensitic 
transformation. 

(Example of application) Drawing 1 - drawing 3 show the example of application. The ring groove 
1 1 is formed in the piston 1 of the aluminum containing alloy system of an internal combustion 
engine in this example. A ring groove 11 has inclined plane 11a with a tilt angle theta 1, and base 
11c. And thermal-spraying powder is blown off in the arrow A 1 direction by the thermal spraying 
gun 4, and the thermal-spraying coat 2 is formed in the ring groove 11 of a piston 1. Then, cutting of 
the thermal-spraying coat 2 is carried out from a byte, and the piston ring slot 3 is formed. 
[0025]. The piston ring slot 3 has the piston ring, the sliding surfaces 31 and 32 which slide, and a 
base 33. Drawing 3 (a) shows typically the laminated structure of the thermal-spraying' coat 2 before 
carrying out cutting, and drawing 3 (b) shows typically the laminated structure of the piston ring slot 
3 neighborhood with the sliding surfaces 31 and 32 formed by cutting. Since flattening of the particle 
of thermal-spraying powder is easy to be carried out with a collision so that he can understand from 
drawing 3 (b), in the unit area of the sliding surfaces 31 and 32 of the piston ring slot 3, itis 
[ composite-] easy toize the property of each powder particle. Therefore, the effect which raises 
further about an effect and the sliding property that adhesion of a thermal-spraying coat can be . 
planned is also expectable. 

[0026] Furthermore, since it is tended to **** the heat of the thermal-spraying coat 2 a base 
material, the side which is approaching the base material among the thermal-spraying coats 2 is 
considered that a martensitic transformation is easy to be promoted by the boundary side with a base 
material among the thermal-spraying coats 2 rather than the front-face side of the thermal-spraying 
coat 2 with the usual form, so that he can understand from drawing 3 (a). Therefore, the cubical 
expansion in the border area of the thermal-spraying coat 2 and a base material can be expected, and 
it is thought that it can contribute to improvement in the adhesion force in a border area. 
[0027] Although cutting has been performed to the thermal-spraying coat in the example of 
application shown in above-mentioned drawing 1 - drawing 3 , the form which uses a thermal- 
spraying coat as it is is sufficient, without performing cutting to a thermal-spraying coat: Moreover, 
Mf which a martensitic transformation ends When a point is below a room temperature, sub cello 
processing to which the retained austenite in a thermal-spraying coat is made to metamorphose into 
martensite can also be performed by cooling the thermal-spraying coat which carried out the 
laminating to the base material after thermal-spraying processing to the degree of low temperature 
below a room temperature. In this case, cooling media, such as dry ice, liquid nitrogen, ammonia, 
and Freon, are employable. 

[0028] (Additional remark) The following technical thought can also be grasped from the above- 
mentioned publication. 

O It is the thermal -spraying method characterized by containing especially steel system powder 35 to 
50% 20 to 60% by the volume ratio when thermal-spraying material is formed in the end of the 
mixed powder of steel system powder and non-steel system powder and thermal-spraying material is 
made into 100% in a claim 1. 

O It is the thermal-spraying method which thermal-spraying material is formed in the end of the 
mixed powder of steel system powder and non-steel system powder, and is characterized by steel 
system powder containing 0.3 - 1.8% of carbon by the weight ratio in a claim 1. 
[0029] 

[Effect of the Invention] Since the remains tensile stress which may cause an adhesion fall can be 
reduced in a thermal-spraying coat according to this invention method, the adhesion of the thermal- 
spraying coat to a base material may be raised. Therefore, it is advantageous to the reinforcement of 
a thermal-spraying coat. Furthermore, when the matter which carries out cubical expansion is the 
steel system which carries out a MARUSAN site transformation, the phase which carried out the 
MARUSAN site transformation can function as a hard phase, and can expect the wear-resistant 
improvement in a thermal-spraying coat. 

[0030] Moreover, with generalizations; it is thought that residual stress acts towards minus to 
abrasion resistance. According to this point this invention method, since the remains tensile stress in 
a thermal-spraying coat can be reduced, also in this meaning, it is advantageous to wear-resistant 
reservation. 
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# 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are riot translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] It is the thermal-spraying method characterized by being the thermal-spraying method 
which carries out thermal spraying of the thermal-spraying material to a base material, and forms a 
thermal-spraying coat, and the aforementioned thermal-spraying material containing the matter 
which carries out cubical expansion in case the thermal-spraying material by which thermal spraying 
was carried out to the aforementioned base material is cooled on the aforementioned base material. 

[Translation done.] 
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3. In the drawings, any words are not translated. 



DRAWINGS 



fDrawing 1] 



11a 




[Drawing 21 




fDrawing 3] 




[Translation done.] 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



l.This document has been translated by computer. So the translation may not reflect the original 
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2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 



[Drawing 1] It is the block diagram showing the example of application. 
[Drawing 2] It is a cross section near a piston ring slot. 

[Drawing 3] It is the block diagram showing the interior of a thermal-spraying coat typically. 
[Description of Notations] 

A piston and 1 1 show a ring groove and, as for 3, the inside of drawing and 1 show a piston ring slot. 



[Translation done.] 
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L8 ANSWER 1 OF 5 WPIDS (C) 2003 THOMSON DERWENT 
Tl Metallic ***coating*** process for sliding members e.g. 

***piston*** , ***piston*** ring, etc. - using metallisation 

material containing substance that shrinks when base member is 

cooled to form ***coating*** on base member. 1 
PI JP 1 0068058 A 1 998031 0 (1 99820)* 5p C23C004-04 
IC ICM C23C004-04 

ICS B05D001-08 
AB JP 10068058 A UPAB: 19980520 

The process involves forming a metal ***coating*** (2) on a base 

member using metallisation material containing substance which 

shrinks when the base member is cooled. 

ADVANTAGE - Improves adhesion of metallisation material. 

Improves wear resistance. Reduces residual ***tensile*** 

***stress*** . 

Dwg.3/3 



